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(54) Electronic-paper printer 

(57) An electronic paper printer is provided that is 
capable of describing display patterns properly and def- 
initely on rewritable electronic paper. An electronic 
paper printer 1 has a describing head 3 for describing 
display patterns on electronic paper 2 capable of having 
display patterns rewritten thereto and erased therefrom, 
using electrophoresis, an erasing head 4 for erasing dis- 
play patterns described on the electronic paper 2, a 
drive mechanism (not shown) for driving the describing 
head 3 and the erasing head 4 so that they turn, and a 
conveyor mechanism (not shown) for conveying the 
electronic paper 2. The describing head 3 is configured 
by a pair of drums 31 and 32 supported so that they 
freely turn. The erasing head 4 is configured by a pair of 
drums 41 and 42 supported so that they freely turn. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

[0001] This invention relates to a printer for elec- 
tronic paper. 

g Description of the Related Art w 

[0002] A segmented type of electrophoretic display 
is known (Barrett Comiskey, Jonathan D. Albert, and 
Joe Jacobson, "Electrophoretic Ink: A printable display 
material," Proceedings of SID 97 in Boston (1 997)). 15 
[0003] In such an electrophoretic display, segments 
in the display are configured by a plurality of micro-cap- 
sules that employ electrophoresis, such that, by apply- 
ing a voltage to a target segment, the color of that 
segment changes, either partially or entirely. 20 
[0004] However, there has not been an electronic 
paper printer for describing display patterns on rewrita- 
ble electronic paper wherein the electrophoresis noted 
above is used. 

25 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to pro- 
vide an electronic paper printer capable of describing 
display patterns properly and definitely on rewritable 30 
electronic paper. 

[0006] Such an object is realized by the inventions 
described below in (1) to (26). 

(1) An electronic paper printer for describing display 35 
patterns on electronic paper, comprising: a plurality 

of capsules inside of which charged particles move, 
whereby colors are changed and display patterns 
are displayed; and a head for describing display 
patterns on the electronic paper; wherein: the 40 
charged particles inside the capsules are caused to 
move by applying an electric field to the electronic 
paper; and the portion of the head which contacts 
the electronic paper is given a curved shape. 

(2) The electronic paper printer described above in 45 

(1) , wherein the head is configured by at least a pair 
of drums. 

(3) The electronic paper printer described above in 

(2) , wherein at least one drum of the pair of drums 
has, on the outer circumferential surface thereof, a so 
plurality of pixel electrodes that form electric fields 
that are applied to the electronic paper. 

(4) The electronic paper printer described above in 
(2), wherein one drum of the pair of drums has, on 

the outer circumferential surface thereof, a plurality ss 
of pixel electrodes that form electric fields that are 
applied to the electronic paper, and the other drum 
thereof has, on the outer circumferential surface 



thereof, a common electrode that forms the electric 
fields together with the pixel electrodes. 

(5) The electronic paper printer described above in 
(3) or (4). wherein the plurality of pixel electrodes is 
deployed in a matrix arrangement. 

(6) The electronic paper printer described above in 
(3), (4), or (5). having a plurality of switching ele- 
ments that can switch between forming and extin- 
guishing the electric fields produced by the plurality 
of pixel electrodes. 

(7) The electronic paper printer described above in 
(6), wherein the switching elements are thin film 
transistors. 

(8) An electronic paper printer for describing display 
patterns on electronic paper, comprising: a plurality 
of capsules inside of which charged particles move, 
whereby colors are changed and display patterns 
are displayed; and a drum-shaped head for describ- 
ing display patterns on the electronic paper; 
wherein: the charged particles inside the capsules 
are caused to move by applying an electric field to 
the electronic paper; and the configuration is such 
that the display patterns are described by patterns 
applied from the head to the electronic paper. 

(9) The electronic paper printer described above in 
any one of inventions (1) to (8), wherein the head 
has an erasing head for erasing display patterns 
described on the electronic paper and a describing 
head for describing display patterns on the elec- 
tronic paper. 

(10) The electronic paper printer described above 
in any one of inventions (1) to (8), wherein the head 
is configured so that overwriting is possible. 

(11) An electronic paper printer for describing dis- 
play patterns on electronic paper, comprising: a 
plurality of capsules inside of which charged parti- 
cles move, whereby colors are changed and display 
patterns are displayed; a describing head for 
describing display patterns on the electronic paper; 
and an erasing head for erasing display patterns 
described on the electronic paper; wherein: the por- 
tion or portions of the describing head and/or the 
erasing head that contact the electronic paper are 
given a curved shape. 

(12) The electronic paper printer described above 
in (11), wherein the erasing head is configured by a 
pair of drums having a single electrode on the outer 
circumferential surfaces thereof. 

(13) The electronic paper printer described above 
in (11), wherein at least one head of the describing 
head and the erasing head is configured by a pair of 
drums. 

(14) The electronic paper printer described above 
in (13), wherein at least one drum of the pair of 
drums has, on the outer circumferential surface 
thereof, a plurality of pixel electrodes that form elec- 
tric fields that are applied to the electronic paper. 

(15) The electronic paper printer described above 
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in (13), wherein one drum of the pair of drums has. 
on the outer circumferential surface thereof, a plu- 
rality of pixel electrodes that form electric fields that 
are applied to the electronic paper, and the other 
drum thereof has, on the outer circumferential sur- 5 
face thereof, a common electrode that forms the 
electric fields together with the pixel electrodes. 

(16) The electronic paper printer described above 
in (14) or (15), wherein the plurality of pixel elec- 
trodes is deployed in a matrix arrangement 10 

(17) The electronic paper printer described above 
in (14), (15), or (16), having a plurality of switching 
elements that can switch between forming and 
extinguishing the electric fields produced by the 
plurality of pixel electrodes. ^ 

(18) The electronic paper printer described above 
in (17), wherein the switching elements are thin film 
transistors. 

(19) An electronic paper printer for describing dis- 
play patterns on electronic paper, comprising: a 20 
plurality of capsules inside of which charged parti- 
cles move, whereby colors are changed and display 
patterns are displayed; and an overwrite-capable 
head for describing display patterns on the elec- 
tronic paper; wherein: the charged particles inside 25 
the capsules are caused to move by applying an 
electric field to the electronic paper; and the portion 

of the head which contacts the electronic paper is 
given a curved shape. 

(20) The electronic paper printer described above 30 
in (19), wherein the head has a pair of drums, and 
each drum of the pair of drums has, on the outer cir- 
cumferential surface thereof, a plurality of pixel 
electrodes that form electric fields that are applied 

to the electronic paper. 35 

(21) The electronic paper printer described above 
in (19), wherein the head has a pair of drums, and 
one drum of the pair of drums has, on the outer cir- 
cumferential surface thereof, a plurality of pixel 
electrodes that form electric fields that are applied 40 
to the electronic paper, and the other drum thereof 
has, on the outer circumferential surface thereof, a 
common electrode that forms the electric fields 
together with the pixel electrodes. 

(22) The electronic paper printer described above 45 
in (21), configured such that two electric fields ori- 
ented in different directions between the common 
electrode and the pixel electrodes can be selec- 
tively toned by setting the electrical potential of the 
common electrode at a prescribed value. so 

(23) The electronic paper printer described above 
in any one of (20), (21). or (22). wherein the plurality 
of pixel electrodes is deployed in a matrix arrange- 
ment. 

(24) The electronic paper printer described above ss 
in any one of inventions (20) to (23), having a plural- 
ity of switching elements that can switch between 
forming and extinguishing the electric fields pro- 



duced by the plurality of pixel electrodes. 

(25) The electronic paper printer described above 
in (24), wherein the switching elements are thin film 
transistors. 

(26) The electronic paper printer described above 
in any one of inventions (1) to (25), wherein the 
electronic paper has a base layer and an electronic 
ink layer, and the plurality of capsules is dispersed 
in the electronic ink layer. 

BRIEF DESCRIPTION OF TH E DRAWINGS 
[0007] 

Fig. 1 is a side elevation representing a first embod- 
iment of the electronic paper printer of the present 
invention; 

Fig. 2 is a cross-sectional view of an example con- 
figuration of electronic paper in the present inven- 
tion; 

Fig. 3 is a cross-sectional view representing a 
micro-capsule in the electronic paper diagrammed 
in Fig. 2; 

Fig. 4 is a block diagram representing in model form 
the condition wherein a circuit board is deployed in 
the present invention; 

Fig. 5 is a side elevation representing one pixel in a 
describing head in the present invention; 
Rg. 6 is a side elevation representing one pixel in 
an erasing head in the present invention; 
Rg. 7 is a cross-sectional view representing an 
example configuration of the electronic paper in the 
present invention; 

Rg. 8 is a cross-sectional view representing an 
example configuration of the electronic paper in the 
present invention; 

Rg. 9 is a side elevation representing an erasing 
head in a second embodiment of the electronic 
paper printer of the present invention; 
Rg. 10 is a side elevation representing a third 
embodiment of the electronic paper printer of the 
present invention; 

Rg. 1 1 is a side elevation representing one pixel in 
a describing head in the present invention; 
Rg. 12 is a side elevation representing one pixel in 
an erasing head in the present invention; 
Rg. 13 is a side elevation representing a fourth 
embodiment of the electronic paper printer of the 
present invention; 

Rg. 14 is a diagram (theory diagram for method 1) 
representing the voltage potential on the upper 
electrodes in drums, and a display pattern corre- 
sponding thereto, in the present invention; 
Rg. 15 is a diagram (theory diagram for method 2) 
representing the voltage potential on the upper 
electrodes in drums, and a display pattern corre- 
sponding thereto, in the present invention; and 
Rg. 16 is a side elevation representing another 
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example configuration of a head in the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0008] The electronic paper printer (electronic 
paper printing apparatus) of the present invention is 
now described in detail with reference to the best 
embodiments diagrammed in the drawings. 
[0009] Fig. 1 is a side elevation representing a first 
embodiment of the electronic paper printer of the 
present invention. 

[001 0] An electronic paper printer 1 indicated in Fig. 
1 is an apparatus for describing (printing) prescribed 
display patterns displays such as text characters, num- 
bers, and graphics pictures on electronic paper 2 that 
will be described subsequently. 
[001 1 ] This electronic paper printer 1 has a describ- 
ing head (first head) 3 for describing display patterns on 
the electronic paper 2, an erasing head (second head) 
4 for erasing display patterns that have been described 
on the electronic paper 2, a drive mechanism (not 
shown) for driving the describing head 3 and erasing 
head 4 so that they revolve, and a conveyor mechanism 
(not shown) for conveying the electronic paper 2. The 
direction of arrow A in Fig. 1 is the direction the elec- 
tronic paper 2 is conveyed in. 

[0012] Fig. 2 is a cross-sectional diagram of an 
example configuration for the electronic paper 2. Fig. 3 
is a cross-sectional diagram of a micro-capsule in the 
electronic paper diagrammed in Fig. 2. 
[001 3] The electronic paper 2 diagrammed in Fig. 2 
constitutes display means (display media) capable of 
rewriting and erasing display patterns using electro- 
phoresis. 

[0014] This electronic paper 2 comprises paper (a 
sheet-form base layer exhibiting flexibility) 21 and an 
electronic ink layer 22 formed on the paper 21 . The sur- 
face on the upper side of this electronic ink layer 22, as 
diagrammed in Fig. 2, is a display surface 20 whereon 
display patterns are displayed. 
[0015] The electronic ink layer 22 comprises a 
transparent binder 23 exhibiting light transmissivity and 
a plurality of micro-capsules 24 which are fixed in a 
state wherein they are uniformly dispersed in the binder 
23. 

[001 6] It is desirable that the thickness a of the elec- 
tronic ink layer 22 be from 1 .5 to 2 times the outer diam- 
eter (i.e. diameter) b of the micro-capsules 24. 
[0017] Polyvinyl alcohol or the like can be used as 
the binder 23. 

[0018] As diagrammed in Fig. 3, each micro-cap- 
sule 24 has a main capsule body 25 that is shaped as a 
hollow sphere and exhibits light transmissivity. The inte- 
rior of this main capsule body 25 is filled with a liquid 
solvent 26. In this liquid 26 is dispersed a plurality of 
charged particles 27 having negative charges. 



[0019] Each charged particle 27 comprises a 
nucleus 28 and a covering layer 29 that covers the 
nucleus 28. 

[0020] The colors of the charged particles 27 and 
5 the liquid 26 are set so as to be mutually different. If the 
color of the charged particles 27 is made white, for 
example, the color of the liquid 26 might be made blue, 
red, green, or black. 

[0021] When an external electric field (i.e. electric 
10 field) is applied to the micro-capsule 24, the charged 
particles 27 move, inside the main capsule body 25, in 
a direction opposite the direction of the electric field. 
[0022] If, for example, a positively charged elec- 
trode is positioned above the micro-capsule 24 (display 
is surface 20 side), as diagrammed in Fig. 3, an electric 
field is produced that is directed toward the bottom in 
Fig. 3, as a consequence whereof the charged particles 
27 move (float up) to the upper side, as diagrammed in 
Fig. 3, inside the main capsule body 25. Due to these 
20 charged particles 27, the color of the upper side of the 
micro-capsule 24, as diagrammed in Fig. 3, will turn 
white. 

[0023] Conversely, if a negatively charged electrode 
is positioned on the upper side of the micro-capsule 24, 

25 as diagrammed in Fig. 3, an electric field will be pro- 
duced that is directed toward the upper side, in Fig. 3. 
As a consequence, the charged particles 27 will move 
down (sink) toward the lower side in the main capsule 
body 25, as diagrammed in Fig. 3. In this case, the liquid 

30 26 is positioned on the upper side in the main capsule 
body 25, as diagrammed in Fig. 3, wherefore, if the color 
of the liquid is blue, the color of the upper side of the 
micro-capsule 24, as diagrammed in Fig. 3. will become 
blue. 

35 [0024] The micro-capsules 24 are configured such 
that the specific gravity of the liquid 26 and the specific 
gravity of the charged particles 27 become equal. 
[0025] Thus, the charged particles 27. after moving 
either up or down, as diagrammed in Fig. 3, can remain 

40 in a certain position for a long period of time, even if the 
electric field disappears, the color on the upper side of 
the micro-capsule 24, as diagrammed in Fig. 3, can be 
maintained white, and the color of the liquid can be 
maintained blue, for example, for a long time. In other 

45 words, the display on the electronic paper 2 can be 
maintained for a long period of time. 
[0026] In order to make the specific gravity of the 
liquid 26 and the specific gravity of the charged particles 
27 equal, furthermore, the thickness d of the covering 

so layer 29, for example, may be adjusted. 

[0027] The outer diameter b of the micro-capsule 
24 should be 180 fim or less, with 10 to 20 jim or so 
being preferable. 

[0028] Ti0 2 (rutile structure) or the like, for exam- 
55 pie, can be used for the nuclei 28 of the charged parti- 
cles 27. 

[0029] A polyethylene or the like, for example, can 
be used for the covering layer 29 of the charged parti- 
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c!es 27. 

[0030] For the liquid 26, a solution can be used 
wherein an anthraquinone-based dye is dissolved in 
ethylene tetrachloride and isoparaffin, for example. 
[0031] As diagrammed in Fig. 1, the describing 
head 3 is configured by a pair of drums 31 and 32 sup- 
ported so that they can freely turn. The outer diameter 
of the drum 31 and the outer diameter of the drum 32 
are set so as to be identical. 

[0032] The outer diameter of the drums 31 and 32 
is not particularly limited, but 3 to 30 cm or so is desira- 
ble. 

[0033] By making the outer diameters of the drums 
31 and 32 large, the area of contact between the drums 

31 and 32 and the electronic paper 2 can be increased, 
thereby enhancing the display pattern describing 
speed. 

[0034] These drums 31 and 32 have axes (turning 
axes312 and 322), respectively, which are mutually par- 
allel, and the drums 31 and 32 are positioned so that the 
distance between the outer circumferential surfaces 
thereof is a prescribed distance. These drums 31 and 

32 are also positioned so that the drum 31 is on the 
upper side, as diagrammed in Fig. 1 , that is, on the elec- 
tronic ink layer 22 side of the electronic paper 2, and so 
that the drum 32 is on the lower side, as diagrammed in 
Fig. 1, that is, on the paper 21 side of the electronic 
paper 2. 

[0035] The interval between the outer circumferen- 
tial surface of the drum 31 and the outer circumferential 
surface of the drum 32 is set so that the electronic paper 
2 can pass between the drum 31 and the drum 32, and 
so that the drum 31 and the drum 32 can apply pressure 
and electric fields on the electronic paper 2 as sufficient 
and as necessary. 

[0036] The drum 31 has a cylindrical drum body 
311. On the outer circumferential surface of this drum 
body 311 is deployed a circuit board 313 comprising a 
plurality of pixel electrodes (upper electrodes). This cir- 
cuit board 313 will be described in detail subsequently. 
[0037] The drum 32, meanwhile, has a cylindrical 
drum body 321. On the outer circumferential surface of 
this drum body 321 is deployed a common electrode 
(lower electrode) 323. 

[0038] Fig. 4 is a diagram (block diagram) which 
represents in model form the condition wherein the cir- 
cuit board 313 is deployed. The direction of arrow A in 
Fig. 4 is the direction in which the electronic paper 2 is 
conveyed. 

[0039] Fig. 5 is a side elevation representing one 
pixel in the describing head 3. The direction of arrow A 
in Fig. 5 is the direction in which the electronic paper 2 
is conveyed. 

[0040] As diagrammed in Fig. 4, the circuit board 
313 has a substrate 61 formed of a resin exhibiting flex- 
ibility (elasticity). 

[0041] On this substrate 61 are formed, respec- 
tively, a plurality of square pixel electrodes 64 deployed 



(arrayed) in a matrix arrangement, a plurality of thin film 
transistors (TFTs) (switching elements) 65 for switching 
the pixel electrodes 64 between conducting and non- 
conducting states, respectively, a gate driver 62 for 

5 applying voltages (signals) to the gates of the thin film 
transistors 65, a source driver 63 for applying voltages 
(signals) to the sources of the thin film transistors 65, a 
plurality of gate lines 621 that extend laterally, as dia- 
grammed in Fig. 4, and a plurality of source lines 631 

w that extend vertically, as diagrammed in Fig. 4. 

[0042] Each pixel electrode 64 corresponds to one 
pixel (bit). 

[0043] There is no particular limitation on the pitch 
of the pixel electrodes 64, but a pitch of 500 to 5000 dpi 
15 (dots per inch) or so is desirable. 

[0044] In the present invention, needless to say, the 
shape of the pixel electrodes 64 is not limited to a 
square shape. 

[0045] In the present invention, furthermore, the 
20 pattern in which the pixel electrodes 64 are arrayed is 

not limited to a matrix arrangement. There is no reason 

why the pixel electrodes 64 may not be deployed in a 

delta arrangement, for example. 

[0046] Hereinafter, with respect to Fig. 4, the upper- 
25 most laterally oriented array is called the "first row" and 

the Nth laterally oriented array from the top is called the 

"Nth row." 

[0047] With respect to Fig. 4, furthermore, the left- 
most vertically oriented array is called the lirst column'' 
30 and the Nth vertically oriented array from the left side is 
called the "Nth column.'* 

[0048] To the gate drive 62 is connected each of the 
plurality of gate lines 621 that extend laterally, as dia- 
grammed in Fig. 4. 

35 [0049] To the source driver 63, furthermore, is con- 
nected each of the plurality of source lines 631 that 
extend vertically, as diagrammed in Fig. 4. 
[0050] Each of the thin film transistors 65, moreo- 
ver, is connected to a corresponding gate line 621 . 

40 [0051] Each of the sources of the thin film transis- 
tors 65, furthermore, is connected to a corresponding 
source line 631, and each of the drains of the thin film 
transistors 65 is connected to a corresponding pixel 
electrode 64. 

45 [0052] The gate driver 62 sequentially scans the 
gate lines 621 one row (line) at a time. 
[0053] To scan the Nth row gate line 621 for 
example, means to apply a voltage (scan voltage) pre- 
cisely during a scanning time (time) t to the gates of all 

so of the thin film transistors 65 in the Nth row, and [thus] 
turn on all of the thin film transistors 65 (i.e. the gates of 
the thin film transistors 65) in the Nth row for precisely 
the scanning time t 

[0054] Thus the role of the gate driver 62 is to 
55 sequentially scan the Nth row, and then the N+11h row, 
and then the N+2'th row, that is, to sequentially turn on 
all of the thin f ilm transistors 65 in each of the rows, in 
row units (i.e. one row at a time), for precisely the scan- 
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ning time t 

[0055] The source driver 63 is also called a data 
fine drive circuit This is a circuit that applies a voltage 
corresponding to printing information (information indi- 
cating a display pattern) to the pixel electrodes 64 via s 
the source lines 631 and the thin film transistors 65 
when a scanning voltage is applied to a prescribed gate 
line 621 , that is, when all of the thin film transistors 65 in 
a prescribed row are turned on. 

[0056] When a scanning voltage is applied to a pre- 10 
scribed gate line 621 , the voltage noted above is applied 
to the prescribed source line 631, so that the corre- 
sponding pixel electrode 64 conducts. Thus a negative 
voltage at a prescribed level can be applied to the corre- 
sponding pixel electrode 64, for example, and, as dia- is 
grammed in Fig. 5, that pixel electrode 64 can be given 
a negative charge, for example. When this is done, if the 
potential on the common electrode 323 has been set at 
0 volts, an electric field will be formed (will appear) that 
is directed toward that pixel electrode 64. 20 
[0057] The level of the voltage applied between the 
pixel electrode 64 noted above and the common elec- 
trode 323 (that is, the potential difference between that 
pixel electrode 64 and the common electrode 323) is not 
particularly limited, but, in terms of absolute values, a 25 
voltage of 10 volts or higher is desirable, and 20 volts or 
higher is even more preferable. 
[0058] The drives for the thin film transistors 65 
noted earlier are controlled, respectively, by control 
means 7 via the gate driver 62 and the source driver 63. 30 
[0059] The control means 7 are ordinarily config- 
ured by an integrated circuit comprising a logic circuit 
and a memory circuit. The control means 7 control, in 
addition to the thin film transistors 65, the thin film tran- 
sistors 65, etc.. on the drum 41 of the erasing head 4 35 
(described subsequently), and also the entire electronic 
paper printer 1. 

[0060] It is desirable that the formation of the circuit 
board 313 on the outer circumferential surface of the 
drum body 311. as described earlier, be performed as <o 
described below, for example. 

[0061 ] First, a circuit unit comprising a thin film tran- 
sistor array and pixel electrode array, etc., as described 
in the foregoing, is formed on a prescribed substrate 
(not shown), and this is then peeled away from the sub- 45 
strate by a prescribed method and transferred to the 
substrate 61 . Thus is obtained the circuit board 313. For 
the details of this method, the Japanese Patent Kokai 
No. H10-1 25930/1 998 for which filing was made by the 
present applicant may be referenced. so 
[0062] Next, this circuit board 3 1 3 is wrapped about 
and fixed to the outer circumferential surface of the 
drum body 311. 

[0063] As diagrammed in Fig. 1 , the erasing head 4 
is deployed on the right side (in Fig. 1) of the describing ss 
head 3 (i.e. on the upstream side thereof as respecting 
the direction of conveyance of the electronic paper 2), 
separated from the describing head 3 by a prescribed 



distance. 

[0064] This erasing head 4, similarly to the describ- 
ing head 3 described earlier, is configured by a pair of 
drums 41 and 42 that are supported so that they turn 
freely The outer diameters of the drum 41 and the drum 
42 are set equal to the outer diameters of the drum 31 
and drum 32 of the describing head 3 described earlier 
(the outer diameter of the drum 41 and the outer diam- 
eter of the drum 42 also being set equal). 
[0065] There is no particular limitation on the outer 
diameter of the drums 41 and 42, but, as with the drums 
31 and 32 described earlier, a diameter of 3 to 30 cm or 
so is desirable. 

[0066] By making the outer diameters of the drums 
41 and 42 large, the area of contact between the drums 
41 and 42 and the electronic paper 2 can be increased, 
thereby enhancing the display pattern erasing speed. 
[0067] These drums 41 and 42 have axes (turning 
axes 412 and 422), respectively, which are mutually par- 
allel, and the drums 41 and 42 are positioned so that the 
distance between the outer circumferential surfaces 
thereof is a prescribed distance, similarly to the describ- 
ing head 3 described earlier. These drums 41 and 42 
are also positioned, similarly to the describing head 3 
described earlier, so that the drum 41 is on the upper 
side, as diagrammed in Fig. 1, that is, on the electronic 
ink layer 22 side of the electronic paper 2, and so that 
the drum 42 is on the lower side, as diagrammed in Fig. 
1 , that is, on the paper 21 side of the electronic paper 2. 
[0068] The drum 41 has a cylindrical drum body 
411. On the outer circumferential surface of this drum 
body 411 is deployed a circuit board 413 comprising a 
plurality of pixel electrodes (upper electrodes) 64, as in 
the describing head 3 described earlier. This circuit 
board 413 is like the circuit board 313 in the describing 
head 3 described earlier, wherefore the description 
thereof will be abridged. 

[0069] The drum 42, meanwhile, has a cylindrical 
drum body 421. On the outer circumferential surface of 
this drum body 421 is deployed a common electrode 
(lower electrode) 423. 

[0070] Fig. 6 is a side elevation of one pixel in the 
erasing head 4. The direction of arrow A in Fig. 6 is the 
direction in which the electronic paper 2 is conveyed. 
[0071] The gate driver 62 sequentially scans the 
gate lines 621 one row (line) at a time (cf. Fig. 4). 
[0072] To scan the Nth row gate line 621," for 
example, means to apply a voltage (scan voltage) pre- 
cisely during a scanning time (time) t to the gates of all 
of the thin film transistors 65 in the Nth row, and [thus] 
turn on all of the thin film transistors 65 (i.e. the gates of 
the thin film transistors 65) in the Nth row for precisely 
the scanning time t. 

[0073] Thus the role of the gate driver 62 is to 
sequentially scan the Nth row, and then the N+1 th row, 
and then the N+2th row, that is, to sequentially turn on 
ail of the thin film transistors 65 in each of the rows, in 
row units (i.e. one row at a time), for precisely the scan- 
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ning time t. 

[0074] The source driver 63 is also called a data 
line drive circuit This is a circuit that applies a voltage to 
the pixel electrodes 64 via the source lines 631 and the 
thin film transistors 65 when a scanning voltage is 
applied to a prescribed gate line 621 , that is, when all of 
the thin film transistors in a prescribed row are turned 
on. 

[0075] When a scanning voltage is applied to a pre- 
scribed gate line 621 , the voltage noted above is applied 
to the prescribed source line 631, so that the corre- 
sponding pixel electrode 64 conducts. Thus a positive 
voltage at a prescribed level can be applied to the corre- 
sponding pixel electrode 64, and, as diagrammed in Fig. 
6, that pixel electrode 64 can be given a positive charge. 
When this is done, an electric field will be formed that is 
directed away from that pixel electrode 64 toward the 
common electrode 423. 

[0076] The level of the voltage applied between the 
pixel electrode 64 noted above and the common elec- 
trode 423 (that is. the potential difference between that 
pixel electrode 64 and the common electrode 423) is not 
particularly limited, but, in terms of absolute values, a 
voltage of 10 volts or higher is desirable, and 20 volts or 
higher is even more preferable. 
[0077] The formation of the circuit board 413 on the 
outer circumferential surface of the drum body 411 
described in the foregoing should be performed using 
the same method as for forming the circuit board 313 to 
the outer circumferential surface of the drum body 31 1 
as described earlier. 

[0078] The action of the electronic paper printer 1 is 
described next. 

[0079] When describing display patterns on the 
electronic paper 2 with the electronic paper printer 1 , as 
diagrammed in Fig. 1, the drum 31 of the describing 
head 3 turns clockwise, as shown in Fig. 1 , a prescribed 
number of revolutions (turning speed), while the drum 
32 turns counterclockwise, as shown in Fig. 1, the same 
number of revolutions as the drum 31. This turning is 
performed by a drive mechanism. 
[0080] Similarly, the drum 41 of the erasing head 4 
turns clockwise, as shown in Fig. 1 , the same number of 
revolutions as the drum 31, while the drum 42 turns 
counterclockwise, as shown in Fig. 1 , the same number 
of revolutions as the drum 41. This turning is likewise 
performed by a drive mechanism. 
[0081] Furthermore, since the outer diameters of 
the drums 31. 32, 41, and 42 are ail the same, as 
described earlier, the liner speed at the outer circumfer- 
ential surface of the drums 31 , 32. 41 . and 42 are ail the 
same. 

[0082] The electronic paper 2 is conveyed by the 
conveyor mechanism from the left side, as shown in Fig. 
1 , to the erasing head 4. 

[0083] The control means 7 drive the gate driver 62, 
scan all of the thin film transistors 65 in the erasing head 
4, and turn them on, one row at a time. 



[0084] When this is done, the control means 7 also 
drives the source driver 63, and outputs the same elec- 
trical potential to all of the source lines 631 . 
[0085] The control means 7. moreover, begin the 
5 scanning and the signal output described above before 
the electronic paper 2 contacts the pixel electrodes 64 
in each column. 

[0086] Thus, as diagrammed in Fig. 6, a positive 
voltage, for example, at a prescribed level, is applied to 

10 all of the pixel electrodes 64. And, if the potential on the 
common electrode 423 has been set at 0 volts, electric 
fields are formed from the corresponding pixel elec- 
trodes 64 toward the common electrode 423. 
[0087] The electronic paper 2 is held between the 

75 drum 41 and the drum 42 and carried along in the direc- 
tion of arrow A. That is, the electronic paper 2, from the 
leading end (the part on the left in Fig. 1), passes suc- 
cessively between the drums 41 and the drum 42. 
When this happens, the electronic paper 2 is subjected 

20 to prescribed pressures and placed in the electric fields 
described earlier (i.e. subjected to those electric fields), 
sequentially from the leading end, by the drum 41 and 
the drum 42. 

[0088] As one example, a description is now given 
25 of a mode wherewith, after the entire surface of the elec- 
tronic paper 2 is made white by the erasing head 4. blue 
text characters and graphics are drawn by the describ- 
ing head 3. 

[0089] As diagrammed in Fig. 7, the charged parti- 
30 cles 27 in the electronic paper 2 placed in the electric 
field as noted above move to the upper side, as shown 
in Fig. 7, in the main capsule units 25, respectively, due 
to that electric field. These charged particles 27 cause 
the display surface 20 of the electronic paper 2 corre- 
35 sponding thereto to turn white. 

[0090] Thereafter, in the same manner, the elec- 
tronic paper 2 passes between the drum 41 and the 
drum 42, whereupon the color of the display surface 20 
thereof becomes white. 
40 [0091] Then, when the electronic paper 2 passes 
between the drum 41 and the drum 42 ail the way to the 
basal end thereof (the part on the right side in Fig. 1), 
the color of the display surface 20 of the electronic 
paper 2 will be completely white. That is, all of the dis- 
45 play patterns described on the electronic paper 2 will be 
erased (i.e. the electronic paper 2 will be reset). 
[0092] Furthermore, as diagrammed in Fig. 1, the 
electronic paper 2 is carried along by the drum 41 and 
the drum 42 in the direction of arrow A and thereby con- 
so veyed to the describing head 3. 

[0093] The control means 7, while controlling the 
gate voltage on the thin film transistors 65, also control 
the source voltages on the thin film transistors 65 based 
on signals indicating display patterns (such as image 
55 signals, for example). 

[0094] More specifically, the control means 7 drive 
the gate driver 62 and scan the gate lines 621 on a time- 
division basis. As diagrammed in Fig. 4, first of all, a 
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pulse voltage is applied to the first row gate line 621 for 
the time t thus turning on (opening) the gates of all of 
the thin film transistors 65 in the first row. That is, all of 
the thin film transistors 65 in the first row are turned on 
for precisely the time t. Next, a pulse voltage is applied 
to the second row gate line 621, thus turning on all of 
the thin film transistors 65 in the second row for pre- 
cisely the time t. Thereafter, pulse voltages are applied 
sequentially to the [remaining] gate lines 621 in the 
same manner. 

[0095] Then the control means 7 send signals 
(image signals, for example) corresponding to the target 
row or rows to the source driver 63, drive the source 
driver 63, and, during the time t that the thin film transis- 
tors 65 in the target row or rows are turned on, applies 
a voltage for each row in the targeted rows to the 
sources of the thin film transistors 65 corresponding to 
the target row or rows. Thus voltages corresponding to 
the signals noted above are applied across the sources 
and drains in the thin film transistors 65 of the target row 
or rows. If the target row is the second row, for example, 
when -20 volts are applied to the sources of the thin film 
transistors 65 in the second column, it is only necessary 
that the voltage on the second column of the source 
driver, that is, on the second column source line 631 , be 
-20 volts. 

[0096] Thus, as diagrammed in Fig. 5, a negative 
voltage at a prescribed level is applied to the target pixel 
electrodes 64, and the target pixel electrodes 64 are 
charged negatively. If the potential on the common elec- 
trode 323 has been set at 0 volts, moreover, electric 
fields will be formed that respectively are oriented 
toward the target pixel electrodes 64 opposing that com- 
mon electrode 323. 

[0097] As diagrammed in Fig. 1, the electronic 
paper 2 is held between the drum 31 and the drum 32 
and carried along in the direction of arrow A. That is, the 
electronic paper 2, from the leading end, passes suc- 
cessively between the drums 31 and the drum 32. 
When this happens, the electronic paper 2 is subjected 
to prescribed pressures and placed in the electric fields 
described earlier, sequentially from the leading end, by 
the drum 31 and the drum 32. 

[0098] As diagrammed in Fig. 8, the charged parti- 
cles 27 in the electronic paper 2 placed in the electric 
field as noted above move to the lower side, as shown in 
Fig. 8. in the main capsule units 25, respectively, due to 
that electric field. In this case, the liquid 26 is positioned 
on the upper side, as shown in Fig. 8, inside the main 
capsule units 25, wherefore the color of the display sur- 
face 20 of the electronic paper 2 corresponding thereto 
turns blue. That is, a portion of the display pattern is 
described on the electronic paper 2. 
[0099] Thereafter, in the same manner, when the 
electronic paper 2 passes between the drum 31 and the 
drum 32, a portion of the display pattern is described. 
[0100] Then, when the electronic paper 2 has 
passed through the drum 31 and the drum 32 up to the 



basal end thereof, all of the display pattern will have 
been described on the electronic paper 2. Thereupon, 
the describing of the display pattern on the electronic 
paper 2 is completed. 

5 [0101] When the display pattern on this electronic 
paper 2 is rewritten, or when a display pattern is 
described on another electronic paper 2, as described 
in the foregoing, first the display pattern is erased by the 
erasing head 4, and then the new display pattern is 

w described. 

[0102] When erasing a display pattern from the 
electronic paper 2, only erasure of the display pattern by 
the erasing head 4 described in the foregoing is per- 
formed. 

rs [0103] As described in the foregoing, if this elec- 
tronic paper printer 1 is employed, it is possible to 
repeatedly describe such prescribed display patterns as 
text characters, numbers, and graphics, etc., on the 
electronic paper 2. 

20 [01 04] Because the display patterns are described 
on the electronic paper 2, moreover, the display pat- 
terns are easy to view, as compared to when display 
patterns are displayed on a display [screen], but no 
waste of paper (natural resources) is involved as when 

25 printing the display patterns on paper for viewing. 

[0105] Also, with this electronic paper printer 1, 
because the describing is done by the drum-shaped 
describing head 3 (that is, because both the pixel elec- 
trodes 64 and the common electrode 423, respectively, 

30 in the describing head 3 are formed with curved sur- 
faces), when describing is being performed, pressure 
can be applied uniformly to the electronic paper 2, 
wherefore the display patterns can be described prop- 
erly and definitely on the electronic paper 2. 

35 [0106] Similarly, because erasing is done by the 
drum-shaped erasing head 4 (that is, because both the 
pixel electrodes 64 and the common electrode 423, 
respectively, in the erasing head 4 are formed with 
curved surfaces), when erasing is being performed, 

40 pressure can be applied uniformly to tie electronic 
paper 2, wherefore it is possible to erase display pat- 
terns described on the electronic paper 2 definitely and 
uniformly. 

[01 07] With this electronic paper 1 , furthermore, the 
45 shapes of the drums in the erasing head 4 and describ- 
ing head 3 are made cylindrical, wherefore it is possible 
to perform erasing and description of display patterns 
continuously without being limited by the length of the 
electronic paper 2 in the lateral direction as shown in 
so Fig. 1. 

[0108] With the present invention, the erasing head 
4 in the electronic paper printer 1 may also be config- 
ured so that it can form a comprehensive erasing elec- 
tric field. This will be shown in conjunction with a second 
55 embodiment. 

[0109] Fig. 9 is a side elevation of an erasing head 
in a second embodiment of the electronic paper printer 
of the present invention. 
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[0110] The configuration of the electronic paper 
printer 1 in this second embodiment is the same as that 
of the electronic paper printer 1 in the first embodiment, 
excepting in that the structure of an erasing head 5 dif- 
fers from that of the erasing head 4 in the electronic 
paper printer 1 in the first embodiment, described ear- 
lier. In other words, in the electronic paper printer 1 in 
this second embodiment, the erasing head 4 dia- 
grammed in Fig. 1 is replaced by the erasing head 5 dia- 
grammed in Fig. 9. 

[0111] Accordingly, the erasing head 5 diagrammed 
in Fig. 9 is deployed on the right side of the describing 
head 3, as diagrammed in Fig. 1 , separated from the 
describing head 3 by a prescribed distance. 
[011 2] This erasing head 5, as the describing head 
3 and erasing head 4 described earlier, is configured by 
a pair of drums, namely the drums 51 and 52, which are 
supported so that they freely turn. The outer diameters 
of the drum 51 and the drum 52 are set so as to be 
equal to the outer diameters of the drum 31 and the 
drum 32 of the describing head 3, described earlier (the 
external diameter of the drum 51 being set equal to the 
external diameter of the drum 52). 
[01 1 3] There is no particular limitation on the exter- 
nal diameters of the drums 51 and 52, but, as with the 
diameters of the drums 31, 32, 41, and 42, described 
earlier, a diameter of 3 to 30 cm is desirable. 
[01 1 4] By making the outer diameters of the drums 
51 and 52 large, the area of contact between the drums 
51 and 52 and the electronic paper 2 can be increased, 
thereby enhancing the display pattern erasing speed. 
[0115] These drums 51 and 52 have axes (turning 
axes 512 and 522), respectively, which are mutually par- 
allel, and the drums 51 and 52 are positioned so that the 
distance between the outer circumferential surfaces 
thereof is a prescribed distance, similarly to the describ- 
ing head 3 and the erasing head 4 described earlier. 
These drums 51 and 52 are also positioned, similarly to 
the erasing head 4 described earlier, so that the drum 
51 is on the upper side, as diagrammed in Fig. 9, that is, 
on the electronic ink layer 22 side of the electronic paper 
2, and so that the drum 52 is on the lower side, as dia- 
grammed in Fig. 9, that is, on the paper 21 side of the 
electronic paper 2. 

[0116] The drum 51 has a cylindrical drum body 
511. On the outer circumferential surface of this drum 
body 51 1 is deployed a single upper electrode 513. 
[0117] The drum 52, meanwhile, has a cylindrical 
drum body 521. On the outer circumferential surface of 
this drum body 521 is deployed a single lower electrode 
523. 

[01 18] The upper electrode 513 and the lower elec- 
trode 523 are formed, for example, of a metal thin film or 
an electrically conducting ceramic thin film or the like. 
[01 1 9] The driver 6 is driven by commands from the 
control means 7, and voltages are applied across this 
upper electrode 513 and lower electrode 523. If, for 
example, a positive voltage (plus potential) is applied to 



the upper electrode 513 and a negative voltage (minus 
potential) is applied to the lower electrode 523, an elec- 
tric field will be formed, directed away from the upper 
electrode 513 and toward the lower electrode 523, 
5 where the upper electrode 513 and the lower electrode 
523 are in opposition. 

[0120] There is no particular limitation on the level 
of the voltage applied across these electrodes, but, in 
terms of absolute values, 10 volts or higher is desirable, 
10 and 20 volts or higher is even more preferable. 

[01 21 ] The action of the erasing head 5 in the elec- 
tronic paper printer 1 of the second embodiment is 
described next 

[01 22] The action of the electronic paper printer 1 is 
is the same as that of the electronic paper printer 1 in the 
first embodiment, described earlier, with the exception 
of the action of the erasing head 5. Hence only the 
action of the erasing head 5 is described below. 
[01 23] The drum 51 of the erasing head 5 is turned 
20 clockwise, as shown in Fig. 9. by the drive mechanism, 
the same number of revolutions as the drum 31 , while 
the drum 52 is thereby turned counterclockwise, as 
shown in Fig. 9, the same number of revolutions as the 
drum 51 . 

25 [01 24] In the second embodiment, furthermore, the 
outer diameters of the drums 31, 32, 51, and 52 are all 
the same, wherefore the linear speeds at the outer cir- 
cumferential surfaces of the drums 31, 32, 51, and 52 
are all the same. 

30 [0125] The electronic paper 2 is conveyed by the 
conveyor mechanism from the right side, as shown in 
Fig. 9, to the erasing head 5, as indicated by arrow A. 
[0126] The control means 7, before the electronic 
paper 2 is wound in between the drums 51 and 52, drive 

35 the driver 6, and apply a voltage across the upper elec- 
trode 513 and the lower electrode 523. If, for example, 
as diagrammed in Fig. 9, a positive voltage is applied to 
the upper electrode 513 and a negative voltage is 
applied to the lower electrode 523, an electric field will 

40 be formed that is directed from the upper electrode 51 3 
toward the lower electrode 523 at the place where the 
electronic paper 2 is held between the drums 51 and 52, 
that is, where the upper electrode 513 and the lower 
electrode 523 are in opposition. 

45 [01 27] The electronic paper 2 passes successively 
between the drum 51 and the drum 52 from the leading 
end (the part on the left in Fig. 9). When this happens, 
as described in conjunction with the first embodiment, 
the prescribed pressures and electric fields are applied 

so sequentially, from the leading end. 

[0128] In this manner, when the electronic paper 2 
has been placed in the electric field described in the 
foregoing from the leading end to the basal end, the dis- 
play surface 20 of the electronic paper 2 becomes com- 

55 pletely white. That is, even if display patterns have been 
described on the electronic paper 2, they are entirely 
erased by this erasing head 5 (the electronic paper is 
reset). 



9 



17 



EP 1 000 741 A2 



18 



[0129] As described in the foregoing, when this 
erasing head 5 is employed, the structure can be fabri- 
cated simply and easily, control is simple, and the upper 
electrode 51 3 and the lower electrode 523, respectively, 
are formed singly on the drums 51 and 52, wherefore 
advantages are realized in that there are no connecting 
seams in the electrodes (i.e. electric fields can be 
formed continuously), and in that the incomplete eras- 
ures can be prevented from occurring in the electronic 
paper 2. 

[0130] With the present invention, moreover, the 
erasing heads 4 and 5 may be formed as electrically 
charging bars or rollers. 

[0131] A third embodiment of the electronic paper 
printer of the present invention is described next. 
[0132] Fig. 10 is a side elevation representing the 
third embodiment of the electronic paper printer of the 
present invention. Points in common with the electronic 
paper printer 1 of the first embodiment, described ear- 
lier, are not further described here. The main points of 
difference are described. 

[0133] As diagrammed in Fig. 10, the electronic 
paper printer 1 has a describing head 8 for erasing dis- 
play patterns described on the electronic paper 2 and 
describing display patterns thereon (capable also of 
overwriting), a drive mechanism (not shown) for driving 
the describing head 8 so that it turns, and a conveyor 
mechanism (not shown) for conveying the electronic 
paper 2. The direction of arrow A in Fig. 10 is the direc- 
tion in which the electronic paper 2 is conveyed. 
[01 34] The describing head 8 is configured by a pair 
of drums, 81 and 82, supported so that they freely turn. 
The outer diameter of the drum 81 and the outer diam- 
eter of the drum 82 are set equal. 
[0135] There is no particular limitation on the outer 
diameters of the drums 81 and 82, but a diameter of 3 to 
30 cm or so is desirable. 

[0136] TTiese drums 81 and 82 have axes (turning 
axes 812 and 822), respectively, which are mutually par- 
allel, and the drums 81 and 82 are positioned so that the 
distance between the outer circumferential surfaces 
thereof is a prescribed distance. These drums 81 and 
82 are also positioned so that the drum 81 is on the 
upper side, as diagrammed in Fig. 10, that is, on the 
electronic ink layer 22 side of the electronic paper 2, and 
so that the drum 82 is on the lower side, as diagrammed 
in Fig. 10, that is, on the paper 21 side of the electronic 
paper 2. 

[0137] The drum 81 has a cylindrical drum body 
811. On the outer circumferential surface of this drum 
body 81 1 is deployed a circuit board 813 comprising a 
plurality of pixel electrodes (upper electrodes). 
[0138] The drum 82, meanwhile, has a cylindrical 
drum body 821. On the outer circumferential surface of 
this drum body 821 is deployed a circuit board 823 com- 
prising a plurality of pixel electrodes (lower electrodes). 
[01 39] The circuit boards 81 3 and 823, respectively, 
are the same as the circuit board 313 in the describing 



head 3 of the electronic paper printer 1 in the first 
embodiment described earlier, moreover, and so are not 
further described here. 

[0140] Fig. 11 and Fig. 12. respectively, are side 
5 elevations representing one pixel in the describing head 
8. The direction of arrow A in Fig. 1 1 and Fig. 12 is the 
direction in which the electronic paper 2 is conveyed. 
[0141] With this electronic paper printer 1, as dia- 
grammed in Fig. 11 and 12, the configuration is made 
10 so that positioning is done by a timing belt or encoder or 
the like, for example, so that the positions of the pixel 
electrodes 64 in the drum 81 coincide with the positions 
of the pixel electrodes 64 in the drum 82 corresponding 
thereto. 

is [0142] When, in the thin film transistors 65, the 
respective gates are turned on (i.e. a voltage is applied 
thereto), and a voltage at a prescribed level is applied to 
the sources thereof, the corresponding pixel electrodes 
64 thereby conduct. 

20 [01 43] As diagrammed in Fig. 1 1 , when the gates of 
thin film transistors 65 in the drum 81 are turned on and 
a voltage is applied to the sources thereof, a positive 
voltage at a prescribed level is applied to the corre- 
sponding pixel electrodes 64, and those pixel electrodes 

25 64 are positively charged. When that happens, the 
gates of the thin film transistors 65 in the drum 82 are 
turned on, with the same timing wherewith the gates of 
the thin film transistors in the drum 81 are turned on, 
either a zero (0 volt) voltage or negative voltage is 

30 applied to the sources thereof, and those pixel elec- 
trodes 64 are either zero-charged (charge quantity = 0) 
or negatively charged. Thus electric fields are formed 
that are directed from the pixel electrodes 64 in the 
drum 81 to the pixel electrodes 64 in the drum 82. 

35 [01 44] Conversely, as diagrammed in Fig. 1 2, when 
the gates of thin film transistors 65 in the drum 82 are 
turned on and a voltage is applied to the sources 
thereof, a positive voltage at a prescribed level is 
applied to the corresponding pixel electrodes 64, and 

40 those pixel electrodes 64 are positively charged. When 
that happens, the gates of the thin film transistors 65 in 
the drum 81 are turned on, with the same timing where- 
with the gates of the thin film transistors in the drum 82 
are turned on, either a zero voltage or negative voltage 

45 is applied to the sources thereof, and those pixel elec- 
trodes 64 are either zero-charged or negatively 
charged. Thus electric fields are formed that are 
directed from the pixel electrodes 64 in the drum 82 to 
the pixel electrodes 64 in the drum 81. 

so [0145] There is no particular limitation on the level 
of the voltage applied across the pixel electrodes 64 in 
the drum 81 and the pixel electrodes 64 in the drum 82, 
but 10 volts or greater is desirable, and 20 volts or 
greater is even more preferable. 

55 [01 46] The formation of the circuit board 81 3 on the 
outer circumferential surface of the drum body 811 
noted above and the formation of the circuit board 823 
on the outer circumferential surface of the drum body 
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821 noted above, respectively, should be performed 
with the same method used for forming the circuit board 
313 on the outer circumferential surface of the drum 
body 311 in the electronic paper printer 1 in the first 
embodiment described earlier. 
[0147] Next, the action of the electronic paper 
printer 1 in the third embodiment is briefly described. 
[0148] With this electronic paper printer 1, when a 
display pattern is described on the electronic paper 2, 
the control means 7, based on signals indicating the dis- 
play pattern (such as image signals, for example), turn 
on prescribed thin film transistors 65 in the drums 81 
and 82, via the gate driver 62 and the source driver 63 
for the drums 81 and 82, apply a voltage to the sources 
thereof, and thereby overwrite the display pattern. 
[0149] That is, when the color of prescribed por- 
tions (pixels) on the display surface 20 of the electronic 
paper 2 is to be made blue, the gates in the thin film 
transistors 65 in the drum 81 and the thin film transistors 
65 in the drum 82 corresponding to the pixels to be 
made blue are turned on, a positive voltage is applied to 
the sources of the thin film transistors 65 in the drum 82, 
and a zero or negative voltage is applied to the sources 
of the thin film transistors 65 in the drum 81 . 
[0150] Thus, as diagrammed in Fig. 12, a positive 
voltage of a prescribed level is applied to the target pixel 
electrodes 64 in the drum 82, and those pixel electrodes 
64 are positively charged. Also, a zero voltage or a neg- 
ative voltage at a prescribed level is applied to the tar- 
geted pixel electrodes 64 in the drum 81, and those 
pixel electrodes 64 are given a zero or negative charge. 
Thereupon, electric fields are formed that, respectively, 
are directed from the target pixel electrodes 64 in the 
drum 82 to the corresponding pixel electrodes 64 in the 
drum 81. 

[0151] Conversely, when the color of prescribed 
portions (pixels) on the display surface 20 of the elec- 
tronic paper 2 is to be made white, the gates in the thin 
film transistors 65 in the drum 81 and the thin film tran- 
sistors 65 in the drum 82 corresponding to the pixels to 
be made white are turned on, a positive voltage is 
applied to the sources of the thin film transistors 65 in 
the drum 81 , and a zero or negative voltage is applied to 
the sources of the thin film transistors 65 in the drum 82. 
[0152] Thus, as diagrammed in Fig. 11, a positive 
voltage at a prescribed level is applied to the target pixel 
electrodes 64 in the drum 81 , and those pixel electrodes 
64 are positively charged. Also, a zero voltage or a neg- 
ative voltage at a prescribed level is applied to the tar- 
geted pixel electrodes 64 in the drum 82, and those 
pixel electrodes 64 are given a zero or negative charge. 
Thereupon, electric fields are formed that, respectively, 
are directed from the target pixel electrodes 64 in the 
drum 81 to the corresponding pixel electrodes 64 in the 
drum 82. 

[0153] As diagrammed in Fig. 8, the charged parti- 
cles 27 in the electronic paper 2 placed in the electric 
fields directed from the pixel electrodes 64 in the drum 



82 toward the pixel electrodes 64 in the drum 81 move, 
respectively, to the lower side, as shown in Fig. 8, in the 
main capsule bodies 25 due to those electric fields. In 
that case, the liquid 26 is positioned on the upper side, 

5 as shown in Fig. 8, inside the main capsule bodies 25, 
wherefore the color of the display surface 20 of the elec- 
tronic paper 2 corresponding thereto turns blue. 
[0154] Conversely, as diagrammed in Fig. 7, the 
charged particles 27 in the electronic paper 2 placed in 

10 electric fields directed from the pixel electrodes 64 in the 
drum 81 toward the pixel electrodes 64 in the drum 82 
move, respectively, to the upper side, as shown in Fig. 
7, inside the main capsule bodies 25 due to those elec- 
tric fields, and, due to those charged particles 27, the 

is color of the display surface 20 of the electronic paper 2 
corresponding thereto turns white. 
[0155] Furthermore, in order to erase display pat- 
terns from the electronic paper 2, and make the entire 
surface thereof white, all of the pixel electrodes 64 on 

20 the drum 81 are successively given a positive charge, 
and, simultaneously therewith, all of the pixel electrodes 
64 on the drum 82 are successively given a zero or neg- 
ative charge. Thereby, at the places where the pixel 
electrodes 64 on the drum 81 and the pixel electrodes 

25 64 on the drum 82 are in opposition, electric fields are 
formed which are directed from the pixel electrodes 64 
on the drum 81 toward the pixel electrodes 64 on the 
drum 82, and the entire display surface 20 of the elec- 
tronic paper 2 is made white. 

30 [0156] Conversely, to make the entire display sur- 
face 20 of the electronic paper 2 blue, the electric fields 
are formed in a direction opposite to that described 
above, that is, electric fields are formed that are directed 
from the pixel electrodes 64 in the drum 82 toward the 

35 pixel electrodes 64 in the drum 81 . 

[01 57] As described in the foregoing, by implement- 
ing this electronic paper printer 1, prescribed display 
patterns can be described on the electronic paper 2, 
properly, definitely, and repeatedly, as with the elec- 

40 tronic paper printer 1 in the first embodiment described 
earlier. 

[0158] Moreover, with this electronic paper printer 
1, the electronic paper 2 can be overwritten, wherefore, 
an erasing head is unnecessary, so that the structure 

45 can simplified. 

[0159] Next, a fourth embodiment of the electronic 
paper printer of the present invention is described. 
[0160] Fig. 13 is a side elevation representing the 
fourth embodiment of the electronic paper printer of the 

so present invention. 

[0161] The electronic paper printer 1 in this fourth 
embodiment is a electronic paper printer that comprises 
an overwrite-capable describing head 9. The structure 
thereof is identical to that of the electronic paper printer 

55 1 in the third embodiment, excepting in that the elec- 
trode structure on the drum 92 in the describing head 9 
differs from the electrode structure on the drum 52 of 
the describing head 5 in the electronic paper printer 1 in 
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the third embodiment. Accordingly, no further descrip- 
tion is given here of the points in common with the elec- 
tronic paper printer 1 in the third embodiment, but the 
main points of difference are described. 
[0162] As diagrammed in Fig. 13, in the describing 
head 9 of the electronic paper printer 1 in this fourth 
embodiment, the drum 91 [components], that is. a drum 
body 911, a turning shaft 912 and circuit board 913. a 
drum body 921, and a turning shaft 922, respectively, 
are the same as those [corresponding components] in 
the third embodiment 

[01 63] More specifically, the circuit board 91 3, com- 
prising a plurality of pixel electrodes (upper electrodes), 
is deployed on the outer circumferential surface of the 
drum body 91 1 of the drum 91 . 
[0164] On the outer circumferential surface of the 
drum body 921 of the drum 92, however, a common 
electrode (lower electrode) 923 is deployed. 
[0165] Accordingly, in terms of one pixel in the 
describing head 9, the side elevation representing the 
action when an electric field is formed between a pixel 
electrode and the common electrode 923. and a display 
pattern on the electronic paper 2 is overwritten, is as 
given in either Fig. 5 or Fig. 6. 

[0166] Next, the action of the electronic paper 
printer 1 in the fourth embodiment is briefly described. 
[0167] With this electronic paper printer 1, when 
describing a display pattern on the electronic paper 2, 
the control means 7, based on signals indicating the dis- 
play pattern (such as image signals, for example), turn 
on prescribed thin film transistors 65 on the drum 91 , via 
the gate driver 62 and the source driver 63 for the drum 
91 , apply a prescribed voltage (potential) to the sources 
thereof, and hold (set) the voltage (potential) on the 
common electrode 923 of the drum 92 to a prescribed 
value. Thereby, two electric fields are selectively 
formed, having differing directions, between the pixel 
electrodes 64 and the common electrode 923. and the 
display pattern is overwritten. 

[0168] There are two methods, for example, as 
described next, for performing overwriting with the elec- 
tronic paper printer 1 wherein the circuit board 913 is 
deployed only on one of the drums, namely the drum 
91, as diagrammed in Fig. 13. Overwriting methods 1 
and 2 are now described. 

(Method 1) 

[0169] Fig. 14 is a diagram (theory diagram for 
method 1) which represents the voltages (potentials) on 
the pixel electrodes 64 in the drum 91 and the common 
electrode 923 in the drum 92. together with a display 
pattern corresponding thereto. Method 1 (i.e. the action 
of the electronic paper printer 1 ) is now described with 
reference to Fig. 14. 

[0170] With this method, to effect overwriting on the 
electronic paper 2, the voltage 142 on the common 
electrode 923 is set to a value intermediate between the 



maximum and minimum values of the voltage 141 on 
the pixel electrodes 64 (intermediate value = constant 
value). More specifically, in the case where the voltage 

141 on the pixel electrodes 64 varies from 0 to V volts 
5 (case where maximum value = V volts and minimum 

value 0 volts), the voltage 1 42 on the common electrode 

142 is set at V/2 volts. 

[0171] An example is now described. 

[0172] When the display pattern 143 diagrammed 

10 in Fig. 14, for example, is to be described in a specific 
row on the electronic paper 2, and the gates of the thin 
film transistors 65 in the row corresponding to that row 
are turned on, the voltages indicated by the voltage pat- 
tern 141a are applied to the sources of those thin film 

is transistors 65, that is, voltages of either 0 or V volts are 
applied. When that is done, the voltage 142 on the com- 
mon electrode 923 is set to the voltage indicated by the 
voltage pattern 142a. that is, to V/2 volts. 
[0173] When this is done, in the (N-2) column, for 

20 example, the voltage 1 41 on the pixel electrodes 64 is V 
volts and the voltage 142 on the common electrode 923 
is V/2 volts. Therefore, electric fields are formed which 
are directed from the pixel electrodes 64 to the common 
electrode 923. and the charged particles 27 in the elec- 

25 tronic paper 2 move, respectively, to the upper side, as 
shown in Fig. 13. inside the main capsule bodies 25, 
whereupon the color of the display surface 20 of the 
electronic paper 2 is made white. 
[0174] Conversely, at the (N-1) column, the voltage 

30 1 41 on the pixel electrodes 64 is 0 volts and the voltage 
on the common electrode 923 is V/2 volts, wherefore 
electric fields are formed that are directed from the com- 
mon electrode 923 toward the pixel electrodes 64, and 
the charged particles 27 in the electronic paper 2 move, 

35 respectively, to the lower side, as shown in Fig. 13, 
inside the main capsule bodies 25, whereupon the color 
of the display surface 20 of the electronic paper 2 turns 
blue. 

[0175] Thereafter, in like manner, the direction of 
40 the electric fields formed between the pixel electrodes 
64 and the common electrode 923, which is to say the 
color of the electronic paper 2, will be determined 
according to the voltages 141 on the pixel electrodes 64 
for the Nth column to the (N+3) column, and the display 
45 pattern 143 can be described in the prescribed rows on 
the electronic paper 2. 

[01 76] In this manner, the colors in prescribed loca- 
tions (pixels) on the display surface 20 of the electronic 
paper 2 are determined solely by the voltages 141 on 

so the pixel electrodes 64, on a one-to-one basis. There- 
fore, irrespective of what color the display surface 20 of 
the electronic paper 2 was before (prior to description), 
display patterns can be described on that electronic 
paper 2 merely with a single passage of the electronic 

55 paper 2 between the drum 91 and the drum 92 in the 
describing head 9 (i.e. a white and blue pattern is deter- 
mined on a one-to-one basis). In other words, display 
patterns on the electronic paper 2 can be overwritten. 



12 



23 



EP 1 000 741 A2 



24 



(Method 2) 

[0177] Fig. 15 is a diagram (theory diagram for 
method 2) which represents the voltages (potentials) on 
the pixel electrodes 64 in the drum 91 and the common 
electrode 923 in the drum 92, together with a display 
pattern corresponding thereto. Method 2 (i.e. the action 
of the electronic paper printer 1) is now described with 
reference to Fig. 15. 

[0178] With this method, to effect overwriting on the 
electronic paper 2, the voltage 152 on the common 
electrode 923 is fluctuated between the maximum value 
of the voltage 151 on the pixel electrodes 64 (V volts in 
Fig. 15) and the minimum value thereof (0 volts in Fig. 
15) (common potential oscillation). That is, when a one- 
row description is to be made in a desired row on the 
electronic paper 2, during the time that the gates of the 
thin film transistors 65 in the row corresponding to that 
row are turned on, the voltage 1 52 on the common elec- 
trode 923 is switched, either from V volts to 0 volts, or 
from 0 volts to V volts (setting to V volts and 0 volts on a 
time-division basis). 

[01 79] Furthermore, the turning drive for the drums 
91 and 92 is made a step drive, that is, description is 
performed while turning the drums 91 and 92 in steps. 
[0180] An example is now described. 
[0181] When the display pattern 153 diagrammed 
in Fig. 15, for example, is to be described in a specific 
row on the electronic paper 2, and the gates of the thin 
film transistors 65 in the row corresponding to that row 
are turned on, the voltages indicated by the voltage pat- 
tern 151a are applied to the sources of those thin film 
transistors 65, that is, voltages of either 0 or V volts are 
applied. When that is done, the voltage 152 on the com- 
mon electrode 923 is held at the voltage indicated by 
the voltage pattern 152a, that is, to V volts, for a pre- 
scribed time, and then, when the gates of the thin film 
transistors 65 noted above continue to be turned on, 
[the voltage 152] is switched to the voltage indicated by 
the voltage pattern 152b, that is, to 0 volts, and held for 
a prescribed time. 

[0182] When this is done, when the voltage 152 on 
the common electrode 64 is V volts, effective electric 
fields are formed, in the area indicated in Fig. 15, only 
between the common electrode 923, on the one hand, 
and the pixel electrodes 64 in the (N-1) column, (N+1) 
column, and (N+3) column, on the other. At this time, 
the electric fields are formed so that they are directed 
from the common electrode 923 toward the pixel elec- 
trodes 64. Therefore, the color of the display surface 20 
of the electronic paper 2 is made blue in these portions. 
[0183] Conversely, when the voltage 152 on the 
common electrode 64 is 0 volts, effective electric fields 
are formed, in the area indicated in Fig. 15, only 
between the common electrode 923, on the one hand, 
and the pixel electrodes 64 in the (N-2) column. Nth col- 
umn, and (N+2) column, on the other. At this time, the 
electric fields are formed so that they are directed from 



the pixel electrodes 64 toward the common electrode 
923. Therefore, the color of the display surface 20 of the 
electronic paper 2 is made white in these portions. Fur- 
thermore, at this time, the voltage between the common 

5 electrode 923, on the one hand, and the pixel elec- 
trodes 64 in the (N-1) column, (N+1) column, and (N+3) 
column, on the other, is 0 volts, and no electric field is 
formed between these electrodes, wherefore the color 
of the display surface 20 of the electronic paper 2 is not 

10 changed in these portions, but is kept blue. 

[0184] Hence, by switching the voltage 152 on the 
common electrode 923 between V volts and 0 volts, the 
direction of the electric fields formed between the pixel 
electrodes 64 and the common electrode 923, that is, 

is the color of the electronic paper 2, is determined by the 
voltages 151 on the pixel electrodes 64, and the display 
pattern 153 can be described in a prescribed row on the 
electronic paper 2. 

[01 85] In this manner, the colors in prescribed loca- 
te tions (pixels) on the display surface 20 of the electronic 
paper 2 are determined solely by the voltages 151 on 
the pixel electrodes 64, on a one-to-one basis. There- 
fore, irrespective of what color the display surface 20 of 
the electronic paper 2 was before (prior to description), 
25 display patterns can be described on that electronic 
paper 2 merely with a single passage of the electronic 
paper 2 between the drum 91 and the drum 92 in the 
describing head 9 (i.e. a white and blue pattern is deter- 
mined on a one-to-one basis). In other words, display 
30 patterns on the electronic paper 2 can be overwritten. 
[0186] With method 2, the action becomes more 
complex than with method 1 , but the voltage that can be 
applied is twice that of method 1, which is advanta- 
geous for high-speed or high-contrast describing. 
35 [01 87] In the foregoing, the electronic paper printer 
of the present invention has been described on the 
basis of the embodiments diagrammed in the drawings, 
but the present invention is not limited thereto or 
thereby, and the configurations of the components 
40 therein can be replaced by any configurations that have 
equivalent functions. 

[01 88] In the embodiments described in the forego- 
ing, for example, the shape of the drums is cylindrical, 
but the drum shape is not limited thereto in the present 

45 invention, but may, for example, be shaped as a half 
drum as diagrammed in Fig. 16. In the present inven- 
tion, in other words, it is only necessary that the portion 
or portions of the head that come into contact with the 
electronic paper be shaped as a curved surface (i.e. 

so that the electrode or electrodes be shaped as curved 
surfaces). 

[0189] When the drums are shaped as half drums, 
as diagrammed in Fig. 16, miniaturization of the appara- 
tus is facilitated. 
55 [01 90] As described in the foregoing, by implement- 
ing the electronic paper printer of the present invention, 
prescribed display patterns such as text characters, 
numbers, and graphics (pictures) can be repeatedly 
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described on electronic paper. 
[0191] With the present invention, in particular, the 
portions of the heads that contact the electronic paper 
are shaped as curved surfaces (with the shape of the 
drums in the heads being cylindrical or half-drums, for s 
example), wherefore display patterns can be described 
properly and definitely on the electronic paper. 

Claims 

10 

1. An electronic paper printer for describing display 
patterns on electronic paper, comprising: 

a plurality of capsules inside of which charged 
particles move, whereby colors are changed is 
and display patterns are displayed; and 
a head for describing display patterns on said 
electronic paper; wherein: 
said charged particles inside said capsules are 
caused to move by applying an electric field to 20 
said electronic paper; and 
portion of said head which contacts said elec- 
tronic paper is given a curved shape. 

2. The electronic paper printer according to claim 1 , 25 
wherein said head is configured by at least a pair of 
drums. 

3. The electronic paper printer according to claim 2, 
wherein at least one drum of said pair of drums has. 30 
on outer circumferential surface thereof, a plurality 

of pixel electrodes that form electric fields that are 
applied to said electronic paper. 

4. The electronic paper printer according to claim 2. 35 
wherein one drum of said pair of drums has, on 
outer circumferential surface thereof, a plurality of 
pixel electrodes that form electric fields that are 
applied to said electronic paper, and other drum 
thereof has, on outer circumferential surface 40 
thereof, a common electrode that forms said elec- 
tric fields together with said pixel electrodes. 

5. The electronic paper printer according to claim 3 or 

4, wherein said plurality of pixel electrodes is 45 
deployed in a matrix arrangement. 

6. The electronic paper printer according to claim 3, 4, 
or 5, having a plurality of switching elements that 
can switch between forming and extinguishing the so 
electric fields produced by the plurality of pixel elec- 
trodes. 

7. The electronic paper printer according to claim 6, 
wherein said switching elements are thin film tran- 55 
sistors. 

8. An electronic paper printer for describing display 



patterns on electronic paper, comprising: 

a plurality of capsules inside of which charged 
particles move, whereby colors are changed 
and display patterns are displayed; and 
a drum-shaped head for describing display pat- 
terns on said electronic paper; wherein: 
said charged particles inside said capsules are 
caused to move by applying an electric field to 
said electronic paper; and 
configuration is such that said display patterns 
are described by patterns applied from said 
head to said electronic paper. 

9. The electronic paper printer according to any one of 
claims 1 to 8, wherein said head has an erasing 
head for erasing display patterns described on said 
electronic paper and a describing head for describ- 
ing display patterns on said electronic paper. 

1 0. The electronic paper printer according to any one of 
claims 1 to 8, wherein said head is configured so 
that overwriting is possible. 

11. An electronic paper printer for describing display 
patterns on electronic paper, comprising: 

a plurality of capsules inside of which charged 
particles move, whereby colors are changed 
and display patterns are displayed; 
a describing head for describing display pat- 
terns on said electronic paper; and 
an erasing head for erasing display patterns 
described on said electronic paper; wherein: 
portion or portions of said describing head 
and/or said erasing head that contact said elec- 
tronic paper are given a curved shape. 

12. The electronic paper printer according to claim 1 1 , 
wherein said erasing head is configured by a pair of 
drums having a single electrode on outer circumfer- 
ential surfaces thereof. 

13. The electronic paper printer according to claim 1 1 , 
wherein at least one head of said describing head 
and said erasing head is configured by a pair of 
drums. 

14. The electronic paper printer according to claim 13, 
wherein at least one drum of said pair of drums has, 
on outer circumferential surface thereof, a plurality 
of pixel electrodes that form electric fields that are 
applied to said electronic paper. 

15. The electronic paper printer according to claim 13. 
wherein one drum of said pair of drums has, on 
outer circumferential surface thereof, a plurality of 
pixel electrodes that form electric fields that are 
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applied to said electronic paper, and other drum 
thereof has. on outer circumferential surface 
thereof, a common electrode that forms said elec- 
tric fields together with said pixel electrodes. 

16. The electronic paper printer according to claim 14 
or 15, wherein said plurality of pixel electrodes is 
deployed in a matrix arrangement. 

17. The electronic paper printer according to claim 14, 
15, or 16, having a plurality of switching elements 
that can switch between forming and extinguishing 
said electric fields produced by said plurality of pixel 
electrodes. 

18. The electronic paper printer according to claim 17, 
wherein said switching elements are thin film tran- 
sistors. 

19. An electronic paper printer for describing display 
patterns on electronic paper, comprising: 

a plurality of capsules inside of which charged 
particles move, whereby colors are changed 
and display patterns are displayed; and 
an overwrite-capabie head for describing dis- 
play patterns on said electronic paper; 
wherein: 

said charged particles inside said capsules are 
caused to move by applying an electric field to 
said electronic paper; and 
portion of said head which contacts said elec- 
tronic paper is given a curved shape. 

20. The electronic paper printer according to claim 19, 
wherein said head has a pair of drums, and each 
drum of said pair of drums has, on outer circumfer- 
ential surface thereof, a plurality of pixel electrodes 
that form electric fields that are applied to said elec- 
tronic paper. 

21. The electronic paper printer according to claim 19, 
wherein said head has a pair of drums, and one 
drum of said pair of drums has, on outer circumfer- 
ential surface thereof, a plurality of pixel electrodes 
that form electric fields that are applied to said elec- 
tronic paper, and other drum thereof has, on outer 
circumferential surface thereof, a common elec- 
trode that forms said electric fields together with 
said pixel electrodes. 



23. The electronic paper printer according to any one of 
claims 20, 21 , or 22, wherein said plurality of pixel 
electrodes is deployed in a matrix arrangement. 

5 24. The electronic paper printer according to any one of 
claims 20 to 23, having a plurality of switching ele- 
ments that can switch between forming and extin- 
guishing said electric fields produced by said 
plurality of pixel electrodes. 

w 

25. The electronic paper printer according to claim 24, 
wherein said switching elements are thin film tran- 
sistors. 

is 26. The electronic paper printer according to any one of 
claims 1 to 25. wherein said electronic paper has a 
base layer and an electronic ink layer, and said plu- 
rality of capsules is dispersed in said electronic ink 
layer. 
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22. The electronic paper printer according to claim 21, 
configured such that two electric fields oriented in 
different directions between said common elec- 
trode and said pixel electrodes can be selectively ss 
formed by setting electrical potential of said com- 
mon electrode at a prescribed value. 
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